American mink (Neovison vison) kits are born altricial and fully dependent on maternal care, for 40 which the kits' vocalisations appear essential. We used Auditory Brainstem Recording (ABR) to determine (1) hearing sensitivity of adult females from two breeding lines known to differ in 42 maternal behaviour and (2) development of hearing in kits 8-52 days of age. We also studied sound production in 20 kits throughout postnatal days 1 to 44. 44
2008
). Therefore, we studied hearing sensitivity in adult breeding females from these two breeding lines, to test whether Palomino females have reduced hearing, explaining their delayed reactions 90 towards their kits.
For this study we used Auditory Brainstem Recordings (ABRs), which measures the 92 electrical response from the auditory nerve when the animal is exposed to sound. This gives us a very fast way of measuring the auditory thresholds even though the measured thresholds are 10-94 20dB less sensitive than behavioural audiograms; i.e. 20 dB in humans (Gorga et al., 1988), 12dB in killer whale (Szymanski et al. 1999 ) and around 16 dB in mouse (Heffner and Heffner, 2003) . 96
The ABR method is very useful in this case because it doesn't depend on training the animals and can therefore be used on newborn kits. The method is also relative non-invasive so we can measure 98 repeatedly on the same animals.
100

MATERIALS and METHODS 102
Animals
We tested the hearing of 12 adult female mink (6 of the Palomino variant and 6 of the Black 104 variant), transferred from the research farm at Aarhus University ( DK-8830 Tjele, Denmark ) to the Institute of Biology, University of Southern Denmark. The animals were kept in conditions similar 106 to the research farm, individually in outdoor wire cages (W: 30 cm, H: 45 cm, L: 91 cm) connected to a straw filled wooden nest box (W: 28 cm, H: 20 cm, L: 23 cm; cage system from Hedensted 108 Group, Hedensted, Denmark), with ad libitum access to water and food. All the animals were the same age (1.5 -1.6 years old), unrelated at least 2 generations back, and had delivered one litter 110 during their first birth season 5 -6 months earlier. The Black mink were slightly larger than the Palomino (1.5 ± 0.2 kg vs. 1.2 ± 0.2 kg), which is a normal result of the commercial breeding 112 programme. During testing, the animals were anesthetized by an intramuscular injection of medetomidin (Dormitor vet. from Orion Corporation, Turku, Finland, 0.2 mg/kg BW) and ketamine 114 (Ketaminol vet. from Intervet International BV, Boxmeer, Netherlands, 10 mg/kg BW). The level of anesthetization was checked every 15 minutes by pinching the skin between their toes, and an extra 116 dose of ketamine was given when necessary. After the experiment the animals were euthanized with pentobarbital-sodium (200 mg/kg, injected in the heart) since the animals could not be returned, 118
because of the fear of introducing pathogens to the farm.
We tested the hearing in 36 mink kits (18 males, 18 females from 18 litters of a black breeding 120
The Journal of Experimental Biology -ACCEPTED AUTHOR MANUSCRIPT 5 line) born in April/May 2008 at the research farm, Aarhus University. We tested the hearing of four mink kits at each of the ages of postnatal day 8, 16, 20, 24, 28, 32, 36, [42] [43] , and 52 with day 0 as 122 date of birth. We randomly selected one male and one female from each litter, containing 3-9 kits (average 7.1 ± 1.39) and each litter were only used once. The average weight was 43g (±1.7g) for 124 the 8 days old kits, increasing to an average of 438g (±32.2g) for the 52 days old ones. After the ABR measurements the kits were kept warm and allowed to wake up before they were returned to 126 their mothers. The anaesthesia (same procedure and doses as for adults, but given a wake-up injection of Atipamezol from Antisedan vet. Orion Corporation, Espoo, Finland) was successful, no 128 animals woke up during the experiments and no animals died. All kits were accepted back by the mothers after the recording, observed 0, 1, and 24 h after the return to the nest box. At the time of 130 weaning there was no surplus mortality in litters included in the study.
The development of sound production was studied in mink kits from postnatal day 1 to day 44 132 (days 1, 2, 4, 6, 9, 11, 13, 16, 19, 22, 25, 28, 31, 37 and 44) , with day 0 as the day of birth. Housing and testing took place at the research farm, Aarhus University. We tested 20 kits at each age, 134 resulting in 300 observations in total. Half of these kits (n=10 per test age, one male and one female from five different litters) were used repeatedly throughout the study, whereas the other half (n=10 136 per test day, one male and one female from five different litters) was selected randomly from previously not tested litters in order to control for potential effects of habituation or sensitisation 138 induced by the testing procedure. All experimental kits were selected from litters of 7-9 kits from the same breeding line. We marked the individual kits with ink or fur bleaching for identification; to 140 avoid different maternal attention or rejection towards repeatedly marked and tested kits, all litter mates within a retested litter received a similarly sized mark. 142
Testing hearing in adults and kits 144
We used Auditory Brainstem Recording (ABR) to determine hearing sensitivity of adult and young mink. The electrical response from the auditory nerve and the brainstem was recorded as 146 sound was played back to the mink. We adopted the ABR method to test sensitivity over a very broad range of frequencies, by modifying that of Berlin et al. (1991) . The principle was to use the 148 masking effect of a narrow band noise to determine the auditory threshold. Each measurement consisted of the average of 400 recordings with a broadband click (500 Hz-90 kHz, 94dB peak-to-150 peak) stimuli (unmasked ABR) and 400 recordings where the same click was masked by continuous low intensity band limited(centre frequency ±1/12 octave, 2th order butterworth band pass filter ) 152
The Journal of Experimental Biology -ACCEPTED AUTHOR MANUSCRIPT 6 noise (masked ABR). By subtracting the masked ABR from the unmasked ABR we achieved a derived ABR, which was normalized by dividing the signal by the peak-peak intensity of the 154 unmasked ABR. This method is useful for testing both high and low frequencies, which normally can be a problem when recording ABR to pure tone pulses, because the same number of oscillations 156 has vastly different durations and energy over a frequency range of 1 -80 kHz. Additionally, the unmasked ABR to the broad band click allows for easy continuous control for changes in the state 158 of the animal or level of anesthetization. This is different from ABR to stimuli changing in one or more acoustic features (e.g. frequency) where a change in response can be caused by either a 160 change in stimuli or a change in animal state (Berlin et al. 1991) . Anesthetized adult animals were placed in a holder in the centre of an anechoic chamber. All 172 equipment was placed outside the chamber except the preamplifier and the loudspeaker. The loudspeaker was placed 100 cm from the animal's ear, on its left side. Responses were recorded 174 using three subdermal needle electrodes (Rochester Electro-Medical, FL, USA). One electrode (ground) was placed under the loose skin between the shoulder blades, another (vertex) was placed 176 between the eyes and the third (mastoid) was placed behind the left ear. The impedance was adjusted to 3 kΩ or less between all electrodes. The setup for measuring hearing of kits was the 178 same as described above except that we moved the setup to a room next to the stable, to minimize the time the kits needed to be away from their nests/mothers. To eliminate noise and echoes, we 180 built an improvised anechoic chamber around the setup by using mattresses and blankets. Each test session took up to 1.5 h per individual for adults and the oldest kits (13 frequencies, 1, 2, 4, 8, 10, 12, 182 16, 20, 30, 40, 50, 60, 70kHz) and less for the younger kits due to their limited hearing range.
For each individual, we first stimulated with the unmasked click stimulus and increased the 184
The Journal of Experimental Biology -ACCEPTED AUTHOR MANUSCRIPT 7 intensity to find the threshold for response, the click threshold. If the click threshold was low enough (<80dB SPL), i.e. for the adults and for the older kits, we continued with an ordinary 186 audiogram based on masked thresholds. If the threshold was above 80dB SPL the click threshold was noted and no masked threshold measurement conducted. This means that we have no 188 audiograms for the youngest kits.
190
Sound production in kits
The male and female kit from each litter were placed on nest material in two separate test boxes (10 192 x 35 x 10 cm) and the kits' temperature was measured by infrared thermometry. We started the found the number of pulses and their combined duration and calculated the duty cycle (% time with sound production). We chose ten pulses, the pulse with maximum amplitude and the nine 204 subsequent pulses, from each recording for thorough analysis. This was to avoid calls where the kit was looking away from the microphone. We determined duration from oscillograms and the peak 206 frequency from the power spectra. Sound pressures are given in dB SPL (sound pressure level) re. 2 x 10 -5 Pa root mean square (rms). The distance from the mouth to the microphone was measured 208 and if it was different from one meter the value was corrected to the sound pressure it would have been at a distance of one meter. 
Statistical analysis 214
The hearing threshold in adult mink was tested across frequencies (1-70 kHz), taking repeated measures into account using linear normal models (Littell et al., 1996) , with the colour type 216
The Journal of Experimental Biology -ACCEPTED AUTHOR MANUSCRIPT 8 (Palomino, Black) as fixed factor. We divided the analysis into two ranges of frequencies (1) 1-10 kHz, and (2) 12-70 kHz based upon the graphical appearance of the data (Fig. 1) . 218
The change in click ABR threshold in mink kits was tested using ANOVA, including age (8-52 days), sex and their interaction as fixed factor, and with bodyweight as a covariate. The hearing 220 threshold in mink kits aged 32-52 days was tested across frequencies as well. Different ranges of test frequencies were used: 1-10 kHz at age 32 d, 2-40 kHz at age 36 d, and 2-70 kHz at 42 and 52 222 days. Each age class (day 36, 42, and 52) was modelled separately taking repeated measures into account using linear normal models (Littell et al., 1996) , with the sex as fixed factor and body 224 weight as covariate. The model for day 36 did not converge.
The occurrence of vocalisation in mink kits during isolation from mother and nest was analysed 226 as binomial distributed (vocalisation present or not; analysed for day 1-22 and day 25-44 separately based upon the graphical appearance of data) in a generalized linear model (Dobson, 1997) . The 228 development in mean duration of emitted pulses, the duty cycle and peak frequency (mean of 10 pulses per kit) with age were analysed in a normal linear model (Littell et al., 1996) using data from 230 vocalizing kits only (that is day 1-37). The duty cycle was analysed for day 1-13 and day 16-37 separately based upon the graphical appearance of data. Data on pulse duration was logarithmic 232 transformed and duty cycle day 16-37 square root transformed, as this resulted in better residuals.
The models included age, sex, previous experience (tested before or naïve), change in body 234 temperature during the test session (-14.5 to +1.5 °C), and bodyweight (7 -354 g) as explanatory variables, including the interactions between both sex and previous experience with age. The 236 development in number of pulses with age was not subjected to additional statistical analysis, as the number of pulses and the mean pulse duration are combined in the duty cycle (Fig. 7) . All models 238 were analysed using SAS statistical software, and the P values from the linear models are based on the Satterthwaithe approximation for the denominator degrees of freedom. The requirement for 240 dispersion and variance homogeneity was tested, and the validity of the final model judged by the appearance of the residuals. A probability level (P) of 0.05 was chosen as a limit for statistical 242 significance in all tests. P-values between 0.05 and 0.1 are reported as trends in the results.
244
RESULTS
Hearing in adult mink females 246
We recorded the audiograms of 6 adult Palomino and 6 adult Black mink females. The results demonstrated that mink have a broad hearing range from 1 kHz and way into the ultrasonic range 248
The Journal of Experimental Biology -ACCEPTED AUTHOR MANUSCRIPT 9 up to at least 70 kHz. The best threshold of 22 dB SPL was at 8-10 kHz (Fig. 1) . The low frequency roll-off was shallow with threshold increasing to around 37 dB SPL at 1 kHz. The high-frequency 250 roll-off was somewhat steeper, but even at 70 kHz (the maximum frequency we could test) the threshold was still below 60 dB SPL. The difference between the audiograms of Palomino and 252
Black mink was always less than 5 dB and on average the difference was only 0.33 dB. There was no significant difference between the two colour variants (1-10 kHz: F 1, 19.9 = 0.5, P = 0.49; 12-70 254 kHz: F 1, 20.8 = 1.6, P = 0.22). The ABR of the adults was large and complicated with one major peak and 3-4 distinct minor narrow peaks between 5 and 10 ms post stimulus time, as well as a broader 256 peak around 12 ms post stimulus time ( Fig. 2A) .
Development of hearing in mink kits with age 258
The hearing in kits changed dramatically with age (F 4, 13 = 163.1, P < 0.001). The mink kits showed no indication of ABRs to click stimulation at ages of 24 days or younger even at the 260 maximum click amplitude the equipment could deliver (120 dB). The first reactions to clicks were recorded in two of the four mink kits tested at 28 days of age (Fig. 3) . There was no significant sex 262 difference in the development of ABR threshold with age (F 3, 8 = 0.4, P = 0.75) or in mean thresholds between male and female kits (F 1, 12 = 1.3, P = 0.28). The body weight strongly 264 correlated with age of kits (Pearson correlation coefficient = 0.94, P < 0.001); therefore we cannot separate the effects of age and body weight in this study. From 30 days of age ABR's could be 266 elicited in all kits tested and from that age the ABR quickly developed ( Fig. 2A) . Both amplitude and number of peaks increased with age. At 42 days the ABR had up to four peaks ( Fig. 2A) , but 268 even at 52 days the ABR was neither as large, nor as complex as that of the adults. At any given age the ABR delay decreased and the amplitude of the peaks increased with stimulus amplitude, 270 whereas the number of peaks did not depend on the stimulus strength (Fig. 2B ). Thresholds for all frequencies decreased considerably with age (Fig. 4) . When we tested the 32 day old kits, we could 272 only measure thresholds at the lowest frequencies, 1 and 2 kHz, and only around the maximum intensity of the system. At 2 kHz 52-56 day old kits had thresholds around 20 dB lower than 32 day 274 old kits. The best frequency (frequency with lowest threshold) was 8-10 kHz at all ages, where a full audiogram could be measured. Even though 52 day old kits had reached a developmental stage 276 where they can be weaned and removed from their mother, their hearing threshold was not yet as low as in adults. At frequencies above the best frequency kits were approximately 10 dB less 278 sensitive than adults. At lower frequencies the difference was much larger, around 25 dB (Fig. 4) . 
Sound production in mink kits. 284
The mink kits were very vocal in their first weeks of life (Fig. 5) . The first two days (day 1 and 2) 100 % vocalized when isolated from their mothers. Vocalizing decreased dramatically to only 15 286 % on day 37. From day 44 and on, none of the kits produced any sound, when isolated from the mothers. Half the observations were from 10 kits tested repeatedly, in total 15 times during the 288 period from 1 to 44 days after birth, whereas the other half of the observations originated from naïve kits tested only once. Testing including being away from the nest for 15 min, during which 290 the kit for the first 32 days experienced a drop in body temperature (Fig. 5) ; however there was no negative effect of the repeated testing on the kits' body weight at the end of the experimental period 292 (kits tested 15 times: 299g (±14.6g) vs. kits tested once: 257g (±17.2g); F 1, 15 = 0.4, P = 0.53) nor on mortality (being zero) during and 4 weeks after the test period. 294
During the first 22 days, the occurrence of vocalization did not change significantly with kit age (F 1, 198 = 0.8, P = 0.27); on average 90% of all kits vocalized during this period, regardless of 296 whether they had been tested before or not (F 1, 197 = 0.0, P = 0.91). From day 25, the number of vocalizing kits decreased with age (F 1,97 = 25.2, P < 0.001) and fewer of the re-tested than of the 298 naïve kits were vocal (F 1, 97 = 8.5, P = 0.004). Thus habituation towards being tested is evident in older kits. The relative likelihood of vocalisation in mink tested repeatedly versus mink tested once 300 was estimated to 0.2 (odds ratio, 95% confidence interval: 0.05-0.57). The age for 50 % of the population stopping to vocalize during test was estimated to 30 days for retested kits and 35 days 302 for kits tested once. There was no difference between male and female kits in whether they vocalized or not (day 1-22: F 1, 196 = 0.9, P = 0.35; day 22-44: F 1, 96 = 1.2, P = 0.28). 304
Not only the occurrence, but also the acoustic features of the kits' sound pulses changed significantly with age where the calls become shorter and the peak frequency, maximum frequency, 306 and band width decrease (Fig. 6) . The number of pulses each kit emitted during the 15 min. test period depended substantially on age, but did not develop monotonically. The number first 308 decreased from around 1 pulse/sec at day 1-2, to ca. 0.56 pulse/sec at day 4. From then the number increased to 0.89-1.78 pulse/secfrom day 9 to day 25, after which the number decreased steeply 310 (Fig. 7A) . The average duration of each pulse, in contrast, decreased (F 1, 226 = 199.9, P < 0.001) monotonically from the first day after birth until vocalization ceased (Figs 7B, 7E), with no 312 influence of repeated testing (retested vs. naïve mink: F 1, 224 = 0.8, P = 0.36) or sex (F 1, 224 = 0.9, P = 0.35). The duty cycle (Fig. 7C ) did not change systematically with age before day 16 (however, a 314 trend existed: F 1, 122 = 3.8, P = 0.055). Hereafter the duty cycle decreased significantly with age (F 1, 100 = 43.2, P < 0.001), with an on average 47 % greater duty cycle in vocalizing naïve than in 316 retested mink kits during day 16-37 (F 1, 100 = 12.0, P < 0.001). There was no difference between sexes in duty cycle (day 1-13: F 1, 120 = 0.4, P = 0.56; day 16-37: F 1, 99 = 0.8, P = 0.37). The power of 318 testing for sex differences is generally low at day 37, with only 1 male and 2 females vocalizing, in contrast to at day 31 and earlier, with recordings from 8-10 males and 7-10 females per test day. 320
The emitted frequency decreased monotonically with age (F 1, 231 = 205.6, P < 0.001), with no difference between sexes (F 1, 230 = 0.7, P = 0.39). The mean peak frequency was around 17 kHz in 322 new born and 4 kHz at 37 days of age (Figs 7D,C,E). There was a non-significant trend of a marginally higher peak frequency (7.3 %; 11.2 vs. 10.4 kHz) in naïve mink averaged across the 324 entire test period (F 1, 231 = 3.1, P = 0.079). The mean sound pressure of the vocalizations varied between 59 and 69 dB SPL (data not shown) recorded 100cm from the kit. The sounds were 326 recorded when the kit seemed to be vocalizing in the direction of the microphone, but both direction as well as distance varied a bit, and may cause some variation in sound pressure. 328
330
DISCUSSION 332
We report here for the first time the hearing thresholds of adult American mink, as well as the development of hearing of the kits. The results showed that kits are practically deaf until the age of 334 25-28 days; kits showed no signs of hearing until day 24, whereas 100% of mink had auditory brainstem responses (ABR) indicative of hearing at day 30 after birth. Any auditory function in 336 mink at day 24 or younger would be very insensitive or absent, as we did not detect ABR's even to broadband (500 Hz-100 kHz) stimuli as loud as 120 dB SPL. Previous studies based on behavioural 338 reactions (startle reflex, behaviour change), reported the first response to a range of sound stimuli at the age 29 days, with 100 % of mink reacting at day 33 (Flottorp and Foss, 1979) . Lassen (2007) 340 tested kits reaction to a tone (approx. 800 Hz, 60 dB for 2s, distance 5 cm) on postnatal day 27, 30 and 33. At day 27, between 12 to 47% (dependent on breeding line) of the mink kits showed 342 retraction or a startle response. At day 33, all tested kits (n = 166) reacted to the test tone. These findings are well in accordance with the more detailed ABR results in the present study. 344
Conclusions based on behavioural testing especially startle response may sometimes be ambiguous as an animal may not show a response even if it hears the sound. The ABR data, however, is a 346 much stronger proof of the non-occurrence of hearing at postnatal day 24 or earlier.
348
Delayed onset of hearing are reported in other altricial mammals -such as in cats (6 days), mice (12 days), and in ferrets (32 days) (Moore, 1982) which, similarly to the mink, are born in an 350 immature state. Our results in mink are comparable to findings in the ferret (Mustela putorious), in which the onset of hearing occurs on postnatal day 26-30 (Morey and Carlile, 1990; Moore and 352 Hine, 1992) . In comparison, the rat starts to hear after postnatal day 11-12 (Blatchley et al., 1987; Grécová et al., 2009) , with an adult-like ABR developed within day 24-36 (Blatchley et al., 1987) . 354
In contrast, adult-like ABR was not acquired in mink within the study period; even at 52 days the ABR was neither as large, nor as complex as that of the adults. Thus 52 day old kits are not as 356 sensitive as adult mink, in particular at the low frequency range below the best frequency. This result also contrast data in ferret, in which most achieved adult-like ABR threshold levels by day 358 34-36 (Moore and Hine, 1992) . We have at present no explanation for why the mink with an almost equal age of onset have a slower development of hearing than observed in ferrets. In ferrets, the 360 time of the opening of the ear canal and/or the clearance of fluid from the middle ear are suggested to explain the major and rapid change in threshold of hearing after the time of hearing onset (Moore 362 and Hine, 1992) . From around day 30 the hearing in mink developed rapidly, but step-wise. The
The Journal of Experimental Biology -ACCEPTED AUTHOR MANUSCRIPT 13 threshold improved very quickly between day 28 and day 42 and then slows down. It is difficult to 364 say anything about the cause of this phenomenon, but we speculate that the improvement in threshold coincides with the opening of the ear canal. However, the ABR results speak against ear 366 canal opening as the only reason for the improvement in hearing. ABR depends on synchronous activity in the auditory system. Figure 2 shows that the ABR is not only increasing in amplitude 368
with age, but also changing its shape. If the attenuation of a half-closed ear canal had been the only difference, an increase in stimulus intensity would compensate for that such that for example the 370 ABR at 110 dB for 36 days old kits should resemble that at e.g. 94 dB for 42 days old kits. By comparing Figs 2A and 2B this is clearly not the case. Fig. 2B shows ABR's from a 36 day old kit 372 at increasing stimulus amplitudes. The resulting ABR simply increases in amplitude, but only change the shape very slightly. At all intensities there are only two peaks, whereas at day 42 there 374 are at least three peaks ( Fig. 2A) and with increasing age the number of peaks increases even more.
Also with age the peaks become sharper and better defined. It is likely that this is caused by 376 increased synchronization in the brain areas processing sound, in parallel with the maturation of the auditory system, as has been demonstrated in pre-hearing postnatal ferrets (Brunso-Bechtold et al., 378 2006; Harper and Wallace, 1995) .
380
The development of the auditory system cannot be seen isolated from the general development of senses and motor ability in growing kits. The onset of eye-opening begins gradually from postnatal 382 day 27, with fully open eyes day 36, in mink selected for production traits (Lassen, 2007) . Thus the time window of eye-opening is concurrent with the onset of hearing in mink. In contrast, mink kits 384 are able to smell already on postnatal day 1 (tested as behavioural reaction towards vinegar; Jonasen, 1987) . After the onset of hearing and vision, increased motor abilities, such as gait and 386 running, are observed initially between postnatal days 34-40 in production mink; during this period kits also begin to eat solid food followed later by water drinking (Brink and Jeppesen, 2005; 388 Lassen, 2007) . Thus weaning is gradually initiated during this period. On farms, separation of the kits from the mother typically happens around 6-8 weeks of age, however in several countries (e.g. 390 Denmark) this is not legal before the litter age of 56 days. Considering that the kit is not moving around much until 34 days after birth there is probably no significant selection pressure for the 392 earlier onset of hearing in the mink kits.
394
Strikingly, the deaf kits begin to vocalize extensively from day 1. Recordings during four deliveries
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Considerable energy is put into these early vocalizations (e.g. day 1: frequencies up to 69 kHz, average of 1.1 pulse per second continuously for 15 min with a mean pulse duration of 300 ms, 398 sound pressure around 64 dB SPL @ 1 m). This sound production represent a considerable cost for the neonate kit (average weight day 1: 12.6 g), having limited energy reserves with only 1% of body 400 weight as fat (Tauson, 1994) . The behaviour must therefore be adaptive, e.g. in the communication to the mother eliciting maternal care or attention in case of predators at the nest. After the period of 402 eye opening and development of hearing, the occurrence of vocalizations drop, concurrent with the developing kit becoming less dependent on maternal nursing. This temporal development further 404 indicates the function of kit vocalisation in eliciting maternal care/nursing. The drop in vocalisation is also concurrent with first dramatic increase in hearing sensitivity, which could indicate that the 406 ears are blocked to protect them and when vocalisations are reduced hearing can start to develop.
The drop in vocalisation also coincides with the ability to maintain constant body temperature when 408 away from the mother and this is likely the cause of the drop in call frequency.
410
Colour type affect both kit vocalization and maternal retrieval, since Palomino kits had a higher variation in their pulse duration than black kits, and Palomino mothers were less efficient in 412 retrieving their kits compared to Black mothers (Clausen et al., 2008) . Adults of another breeding line of mink, the colour variant Hedlund white, have been shown to be deaf (Sugiura & Hilding 414 1970; Flottorp & Foss, 1979) . However, our results clearly show that impaired hearing does not explain the reduced maternal behaviour in the Palomino mothers, since adult Black and Palomino 416 females have the same hearing thresholds and identical ABR curves. Since the ABR method measures electrical signals in the auditory nerve the results validate that both the cochlea and the 418 auditory nerve are working at the same level in the two different colour variants. In addition, the similarity of later peaks in the ABR-track corresponding to later centers in the auditory pathway 420 indicates no obvious differences in the auditory processing in the two colour variants. For the kits, the risk of dying is highest in the early postnatal days, even at the protected environments at farms, 422 and mothers characterized by high kit survival show more maternal behaviour during the early postpartum period (Malmkvist et al., 2007) . Based on the present results difference in maternal kit-424 retrieval between Palomino and black mink breeding lines could not be explained by a general difference in adult hearing ability. Further studies of the social communication between kit and 426 mother are needed to fully understand the function and importance of in particular early mink
The Journal of Experimental Biology -ACCEPTED AUTHOR MANUSCRIPT 15 vocalization. Other factors, for example the nesting environment can also influence early maternal 428 behaviour on farms, as females with access to the highest nest quality were more attentive and quicker to retrieve one of their 5-day-old progeny placed away from the safe nest (Malmkvist & 430 Palme, 2008) .
432
Before day 18-24, we found no evidence of difference in vocalization between mink kits tested once or several times; that is before this age we have no evidence for mink being able to perceive 434 and habituate to the repeated handling and the test situation. However, as early as at postnatal day 18, previously handled mink exhibited lower vocalization rates when handled. Thus mink at this 436 age, without auditory and visual ability, already have the ability to perceive and change behaviour in response to repeated handling and testing. Therefore care should be taken in the design of future 438 studies and in the interpretation of previous studies of ontogeny and development of e.g. vocalization, using repeated handling, as the results may not reflect development over age only. The 440 reason for naïve mink to vocalise more (higher chance of calling and a higher duty cycle of calls) could be related to fear being expressed in the older mink kit. Other studies have reported increased 442 vocalization in fearful mink during exposure to humans, but this was only studied in adults (Malmkvist and Hansen, 2002) . Even though mink kits with different experience, differ in 444 vocalization rates, they do not differ in mean pulse duration or spectral frequency during calls.
446
Previously, the peak sensitivity of hearing of mink has been suggested to be within the 1-16 kHz range, based upon data collected from other carnivores (Powell and Zielinski, 1989) . We document 448 that adult female mink (1.5 -1.6 years old) have a broad hearing range from 1 kHz and way into the ultrasonic range up to at least 70 kHz, with the peak sensitivity (threshold of 20 dB SPL) at 8-10 450 kHz. Thus the highest frequencies recorded in mink kits calls (69 kHz recorded day 1) can be detected by the adult female mink. Our results also agree with the results from ferrets: if we assume 452 that the difference between the best behavioural sensitivity and the ABR thresholds are 20 dB (Gorga et al., 1988) then our results are virtually identical to Kelly et al., (1986) except at the 454 highest frequencies where mink seems to be more sensitive. It has been suggested that hearing of high frequencies in least weasel and mink primarily is evolved as an adaption for locating and 456 hunting rodents, emitting ultrasonic vocalization (Heffner and Heffner, 1985; Powell and Zielinski, 1989) . Based on our results we suggest that adult female hearing also play a role in vocal social 458 communication related to maternal behaviour and kit survival in mink, but since the kits calls are
The Journal of Experimental Biology -ACCEPTED AUTHOR MANUSCRIPT 16 far above the hearing threshold for the dam it is more likely that the threshold is determined by the 460 need to detect prey or predators. Reports have been made of both sex and maternal-related difference of hearing in mammals. For example, female chinchilla (Chinchilla lanigera) have a 462 slightly superior hearing than males at frequencies above 2 kHz (McFadden et al., 1999) .
Interestingly, hearing has also been described as more sensitive in the maternal female (compared to 464 virgin) mouse as a function of them recognizing ultrasonic communication (distress calls) in their 2-6 days old offspring (Ehret, 1987) . At present we have no data on hearing range or sensitivity in 466 adult male mink. However, there is no paternal behaviour in mink, and a considerable body size dimorphism exist, with males being larger and on average 1.7 times heavier than females; 468 accordingly males take larger prey in nature (e.g. higher proportion of rabbit and hares in diets, Birks & Dunstone, 1985) . Therefore, following their different size and different life style, we 470 predict that the ability for detection of high frequencies is lower in male than in female mink.
We did find some effect of gender for kits tested at 42 days of age. However, this indication of 472 better hearing in female kit was not evident at other age classes tested. Thus, this sex difference in hearing may only be transiently present around the age 42 days or just be a result of random effects, 474 as a low number of kits per sex (n = 2 randomly selected from different litters) were tested at each class in the present study. 476
The understanding of the auditory system in mink, and thereby the limitations and possibilities 478 for social communication is important in order to facilitate a housing environment taking both production economics (e.g. a higher number of mink kits surviving) and animal welfare into there was no response. At 32 days it was weak and consisted of only 2 peaks. With age the response got stronger and at 42 days we could clearly distinguish 4 peaks, but even at 52 days it had not 500 developed the fifth peak of the adult ABR. The latency of the peaks was also reduced with age. B.
ABR in one 36 days old mink kit elicited by clicks with intensities from 70 to 110 dB SPL. The 502 ABR shows two clear peaks (black arrows 1 & 2) and two smaller peaks. Higher intensities gave a shorter latency and a stronger response, but the overall shape of the ABR changes very little. 504 Figure 3 . Change in click ABR thresholds with age in mink kit given as mean dB SPL (± se). 506
The triangles indicate that the threshold was outside the range of the equipment. The first response was detected in two kits at 28 days (this day is marked with both a triangle and a diamond). After 508 that all the kits responded and the threshold decreased quickly until it stabilized at day 42. repeatedly (n = 10), and another group (n = 150) tested only once (10 naïve kits per test day). The drop in surface temperature during the 15 min test and the body weight of test kits (mean ± se) are 518 given on the right hand axis. The occurrence of vocalization decreased with age (P < 0.001), but not for the first 22 days. The re-tested kits were less vocal than the naïve kits (P = 0.004) from the age 520 25 days, cf. text for details.
510
522
Figure 6. Mink kit vocalisation change with age. Oscillograms, spectrograms, and powerspectra of the calls of a mink kit at 1,4,11 and 25 days of age. One day old kits have broad power spectra 524 and the calls are quite long. With age the calls become shorter and the peak frequency, maximum frequency, and band width decrease. 526 Figure 7 . Mink kit vocalisation as A. Number of pulses per second, B. Pulse duration, C. Duty 528 cycle and D. Peak frequency (all given as mean ± se) versus age, with one group of mink kits tested repeatedly and another group being naïve per test day. The average pulse duration and peak 530 frequency decreased with age (P < 0.001); the grey line in part B and D indicate the linear regression line. Retested kits vocalized with the same mean pulse duration (P = 0.36) and peak 532 frequency (P = 0.079), but had from the age of 19 days fewer pulses per time unit leading to a lower duty cycle than in the naïve kits (P < 0.001) after this age, cf. text for details. 534
